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中文摘要 
I 
中文摘要 
目的：探讨生理状态下睡眠缺乏小鼠诱发干眼的机制。 
方法：以水上支架站立法建立睡眠缺乏（SD）小鼠模型，18g—20g 雄性 C57BL/6J
小鼠随机分为正常对照组（Normal 组）、5 天 SD 组（SD 5D 组）、10 天 SD 组
（SD 10D 组）、非诺贝特处理组（Feno 组）、0.1% DMSO 对照组（DMSO 组）。
Feno 和 DMSO 组于造模后第 6 天分别用 10μL 200μM 非诺贝特和 0.1% DMSO
滴眼，每天 3 次。5 天 SD 组于第 5 天，其余组于第 10 天进行泪液分泌测定、
OGD 和 PAS 染色等干眼临床指标的检测，并取角膜组织进行 RNA 和蛋白的提
取、冰冻和石蜡切片及扫描电镜样本的制备。以免疫组化、qRT-PCR 和蛋白印
迹检测角膜 PPARα、脂质代谢酶和 TRPV6 的表达；HE 染色检测角膜、泪腺及
睑板腺的变化；扫描电镜检测角膜上皮细胞的微绒毛形态；油红 O 染色检测角
膜及睑板腺脂质的积聚。以 PPARα-/- 小鼠佐证 PPARα 缺乏对上述检测指标的影
响。以非诺贝特处理原代培养的角膜上皮组织测定 PPARα 表达的增加对具有调
节微绒毛形成作用的 TRPV6 表达的影响。 
结果：与正常对照组相比，随造模时间的延长，SD 组小鼠的泪液分泌测定和 OGD
结果持续加重；角膜出现脂质代谢障碍，表现为脂质代谢酶减少及角膜脂质积聚；
PPARα 和 TRPV6 的表达减少，角膜上皮细胞的微绒毛密度减少，形态异常；睑
板腺无明显异常，但泪腺肥大和结膜杯状细胞增多。PPARα-/- 小鼠检测结果与
SD 组小鼠相一致。非诺贝特局部应用能通过促进 SD 组小鼠角膜 PPARα 的表达
显著改善角膜脂质代谢，并促进 TRPV6 的表达及角膜上皮细胞微绒毛的形成。
非诺贝特处理原代培养的角膜上皮组织结果也证实，非诺贝特能通过促进
PPARα 的表达上调 TRPV6 的表达。 
结论：生理状态下，睡眠缺乏可在不破坏泪腺、杯状细胞和睑板腺功能的情况下，
通过抑制小鼠角膜上皮细胞 PPARα 的表达，导致脂质代谢异常和 TRPV6 的表达
下调，从而破坏角膜上皮细胞微绒毛的形态而诱发干眼。 
关键词：睡眠缺乏；干眼；脂质代谢；PPARα；非诺贝特；TRPV6；微绒毛
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Abstract 
Objective: To investigate the mechanism of mice model of dry eye induced by sleep 
deficiency in under physiological conditions. 
Methods: 18 to 20g adult C57BL/6J mice were used to establish sleep deficiency (SD) 
model of mice by using sticks over water. Mice were randomly divided into five groups: 
Normal control group (Normal group), SD 5D group, SD 10D group, fenofibrate treated 
group (Feno group) and 0.1%DMSO treated group (DMSO group). Feno and DMSO 
group at the sixth day of modeling were treated respectively with 10μL 200μM 
fenofibrate and 0.1%DMSO eye drops three times a day. SD 5D group mice were tested 
for clinical indexes of dry eye, which including Schirmer's test, OGD staining and PAS 
staining on the fifth day and the other group were tested on the tenth day. At the same 
time, cornea was preparated of extracting from RNA and protein, frozen and paraffin 
sections and scanning electron microscope samples. Immunohistochemistry, 
quantitative real-time PCR (qRT-PCR) and western blot (WB) were used to detect the 
expression of PPARα, lipid metabolism enzymes, and TRPV6; hematoxylin and eosin 
(HE) staining was used to detect the change of cornea, lacrimal gland and meibomian 
gland; scanning electron microscope (SEM) was used to detect the microvilli of corneal 
epithelial cells; Oil Red O staining was used to detect the accumulation of lipid in 
cornea and meibomian gland. The effects of PPARα deficiency on the above indexes 
were confirmed by PPARα-/- mice. Fenofibrate treatment of primary cultured corneal 
epithelial cells was used to detect the influence of increased PPARα of the expression of 
TRPV6. 
Results: Compared with normal control group, tear secretion and OGD staining of SD 
group mice continued to increase with prolonging the molding time; the lipid 
metabolism disorder of cornea was manifested by the decreased of lipid metabolism 
enzymes and the accumulation of corneal lipids; the expression of PPARα and TRPV6 
decreased, the density of corneal epithelial cell microvilli reduced and microvilli 
showed abnormal shape; the meibomian gland showed no abnormalities, but the 
lacrimal gland hypertrophy and conjunctival goblet cells increased. The results of 
PPARα-/- mice were consistent with those of SD group mice. Topical application of 
fenofibrate can significantly improve corneal lipid metabolism by promoting the 
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expression of PPARα on SD group mice, and then promoted the expression of TRPV6 
and the formation of corneal epithelial cell microvilli. The results of the fenofibrate 
treated primary cultured corneal epithelial cells also confirmed that fenofibrate can 
upregulate the expression of TRPV6 by promoting the expression of PPARα.  
Conclusion: Under physiological conditions, sleep deficiency can not damage the 
function of the lacrimal gland, goblet cells and meibomian gland, but inhibited 
expression of PPARα of corneal epithelial cells, resulted in down-regulated expression 
of TRPV6 and abnormal lipid metabolism, and then destroyed the morphology of 
corneal epithelial cell microvilli induced dry eye. 
Key words: Sleep deficiency; Dry eye; Lipid metabolism; PPARα; Fenofibrate; TRPV6; 
Microvilli
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第一章 前言 
1.1 干眼的定义与分类 
干眼是目前临床上常见的眼表疾病。2007 年国际干眼研讨会将干眼定义为多
因素引起的由于泪液的量和（或）质的变化或动力学异常引起的泪膜不稳定和眼
表面损害，从而导致眼不适症状的一类疾病的总称[1]。大量的流行病学表明，目前
世界范围内干眼发病率约为 5.5%—33.7%，中国内陆地区总体干眼发病率为 17.0%，
其中女性高于男性，老年人高于青年人，亚洲人高于其他人种[2-8]。 
目前，关于干眼的分类尚无统一的标准。1995 年美国国立眼科研究所将干眼
分为“泪液缺乏型”和“蒸发过强型”两大类，前者为泪液生成不足所致的干眼，
后者为睑板腺功能障碍所致的脂质层异常以及瞬目不全引起的泪液蒸发增加等情
况[9]。而近来有国内学者主张将干眼分为以下几类：蒸发过强型干眼、水液缺乏型
干眼、黏蛋白缺乏型干眼、泪液动力学异常型干眼和混合型干眼[10]。蒸发过强型
干眼主要是由睑板腺功能障碍等疾病所导致的脂质层的异常引起；水液缺乏型干
眼主要是由水液性泪液生成不足引起；黏蛋白缺乏型干眼主要是由角膜上皮细胞
损伤引起；泪液动力学异常型干眼主要是由瞬目异常、结膜松弛等引起的眼表炎
症所引起；混合型干眼主要是由以上两种或两种原因引起[11]。 
1.2干眼的病因 
1.2.1全身因素 
（1）年龄 随着年龄的增长，泪腺分泌功能会下降，在一定程度上更易引起
干眼，且发病率与年龄呈正相关[12]。 
（2）激素变化 性激素水平的降低能引起泪液分泌的减少，泪膜结构和功能
发生异常，从而导致干眼的发生[13]。一旦雄激素缺乏则会引起作为雄激素的靶器
官的泪腺和睑板腺出现发育和分泌功能异常，因此女性的干眼发病率高于男性[14, 15]。
且 17-β-雌二醇能引起角膜上皮细胞中的炎症因子表达增加，而导致干眼[16]。  
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